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Method for preceding audio signals and audio preceding system for ^plying this mefhod 



The invention relates to a method for processing audio signals and to an audio 
processing syst^ Sxr applying fMs meOiod. 

Audio signals may be transmitted electronically* for example, over Litemet. 
The audio signals may be transmitted ixi a compressed fomi, for example, MPS, MP3Pro» 
5 WMA or Real Audio format^ for reasons of reduced need of transmission bandwidth. The 
compression fector may be variable^ leading to a variety of audio signal stream bit rateS;, fi>r 
exaaq>ld fiom 16 kbit/s up to 196kbit/s and sanq)le frequencies from 8 kHz up to 48 TsHz. In 
many cases, the decoded audio signals axe not perceptually Identical to the source material. 
Typically, fi)r lower bit rates, such as the widely used standard 128 kbit/s, is that arti&cts are 

1 0 becoming audible. Lower bit rates, such as 64 kbit/s show considerable artij&cts. Aiti&cts 
may occur in correlated signals (M signals) and uncoirelated signals (S signals). The 
cotreilated signals typically show a reduced bandwidth, for example to 10 kSz and thus loss 
of detail in the treble region (the high frequency region), while uncoirelated signals show 
serious irregular dropouts (loss of bits) above 1 kRfe. These dropoute are responsible for an 

15 unstable stereo-image and apparent spurious sounds in the complete (stereo) soundstage. 

The purpose of the invention is to avoid these disadvantages and to provide for 
a method for processing audio signals and for an audio processing system m which 
compensation for the consequences of dropouts in the soundstage is realized- 

Therefore, according to the invention, a method for processing audio signals is 

20 proposed in which from left (L) and right (R) audio signals composed audio signals (L+R) 
and (L-R) are derived, the energy content of the composed (L-R) audio signals above a 
ptedeteamined frequency value is measured, this energy content is compared with a 
predetermined tfarediold value, after which, when this energy content falls below said 
threshold value, a signal derived from and decoirelated with respect to the composed (L-t-R) 

25 audio signal is added to the composed (L-R) signal to obtain an improved composed (J>R) 
audio signal, and left (L) and ri^t(R) audio signals are obtained back again from the 
conq>osed (L+R) signal and the improved composed O^-R) audio signal, This means, that part 
of the composed (L-R) signal^ lost by dropouts, is conq^ensated by part of the composed 
OL+R) signal. 
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As akeady indicated, flue invention also relates to an audio processing system. 
According to the invrntion this audio processing system is provided with Br$t combination 
means to derive from left (L) and right CR) audio signals composed audio signals (L+R) arid 
(L-R), detection and comparing means to measure the energy content of the composed (L-R) 
5 audio signals above a predetemnned frequency value and to compare this energy content 
with a predetemiined tbr^hold. value, second combining means to derive, when this energy 
content Mis below said threshold value, an in^ioved composed (L-R) audio signal fiom a 
signal obtained fixxm and decotrelated with respect to the composed GjfR) audio signal and 
the composed (L-R) signal, and third combining means to obtain back again left (L) and 
10 right(R) ai^dio signals from the composed (L+R) signal and the improved composed (L-R) 
audo signal 

The invention will be apparent from and elucidated with reference to ihe 
example a$ described in the fbllowing and to the accompanying dhawing. In this drawing a 
figure is depicted showing an embodiment of an audio processing system according to the 
15 inventionu 

The figure shows £x^ combination means 1 and 2 to derive from left (L) and 
right (R) audio dgnala composed audio signals (L+R) and (L-R). 

The coni^osed (L-R) audio signal is supplied to detection and comparing 
means 3 to measure the energy content of the composed (L-R) audio signals above a 

20 predetemiined frequency value and to compare this energy content witii a predetermined 
thzeshold value. To realize ibis, the detection and comparing means 3 comprise a filter 4 in 
the feim of a 2*^ order Butterworfh high pass filter with a cot-ofFfrequency of about 3 kHz, 
energy measuring means 5 to detect the energy content of the filtered composed (L-R) audio 
signal, and a comparator 6 to indicate v^'Qier or not the measured energy content is above 

25 said predetermined thre^old value. The con^arator 6 supplies a control signal P to switching 
means 7. P =» 0 if the measured energy content is above tlie threshold value, while P = 1 if the 
measured raergy content is above that value. 

The composed (L+R) audio signal is supplied to means 8 conrprising a delay 
element 9 and band pass filter means formed by a high pass 4*^^ order Butterworth filter 10 

30 with a cut-off frequency of about 1 kHz and a low pass 1'*^ order Butterworth filter 11 with a 
cut-off frequency of about 6 kHz, to obtain a high frequency signal Lhd + Rhd which is 
decorrelated with respect to the composed (hi-R) input audio signal. This high frequency 
signal Lhd + Rhd is supplied to the switching means 7 and, if P = 1, further si5)plied to second 
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combinaticm means 12 and therein to the conqiosed (L-R) audio signal, The outpu£ of the 
second combination means 12 fomis an improved composed (L-R) audio signal. 

The composed (L+R) audio signal and the ou^nt signal of the second 
conibination means> i.e. the conqposed CI>R) dgnal if P = 0 or the inqnoved composed (L-R) 
S andiosigr^ifP^l, azes^[9hedto^dconibix^^ 13 and 14 to obtain left and 

right signals L' and R' back again. These signals L' and R^ can^ for example^ be applied to 
londspeakers. 

The operation of the audio processing system is ^ follows: 
Ici case the output signal of the energy measurmg means 5 is abovethe 
1 0 predetennined threshold value^ i.e. P * 0, L^ = 2L and R' = 2R. 

lb case the output signal of the QEiergy measuring means 5 is below 
predetermined threshold value^ and the measurements according to Ihe invention are not 
spptiedy ihen for low freqaencies* these are firequencies below 1 kHz, L' and R' can be 
described by the following equations: 
15 L'i=» (Li + R0 + (Li -R<) = 2Li. and 

R'i = (Li + R0 - CU-Ri) = 2Rt, 
wber^ tiie index 1 rel atee to the low fi^uencies (< 1 kHz), whil e for low high frequencies, 
these are firequ^ies above 1 kH^ L' and R* can be described by the following equations: 
= (U + Rti) + 0 = (Lh + Rfc), and 

20 R'ii = (Lh + Rh)-0 = (Lii + RhX 

wherein the index h relates to the high frequencies (> 1 kHz), so fliat: 
L' = 2Li + CU + RiO*and 

R' = 2Ri + CLh + RiO- 
The hi^ frequency signals are reproduced monophonicaUy or, in other words, as a 
25 consequence of dropouts the stereo signal is nairower than before encoding. 

In case the output signal of the eneargy measuring means 5 is below the 
predetennined threshold value and the measurements according to tiie invention are applied, 
then for the low frequencies, L' and R* can be described by the following equationsj 

L'l = 2Li and 
30 R'i=2Ri, 

while for the high frequencies L' and R' are described by: 

L\ ^ (Lh + Rh) + (Lm + Rm), and 
R'l, = (Lh + RiO - (Lfad + Rm), 
so that: 
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L' =2Li + (Lh + + (Lm + R3:d)> and 

R' = 2E^ + (Lh Ri) - (Lhd + Rirf)* 
The hi^ frequency signalfi are now reproduced as stereophonically or, in otiier wozds, in 
spite of dropouts, the stereo quality is substantially m^mtA^p^^^ 
5 The invention is not testricted to the described embodiment modifications 

wifhitt the scope of the following claims are poi^ble. Parttcniarly, the Ghsrs can be chosen 
differently, while some variation In the cut-off fteqtiencies may be possible. Ihstead of a 
delay element a I^auridsen decorrelator or some combfilter can be used to create a 
decoirelated signal to be si^Jplied to the switching means 7» Furthemiore, it may be noted 
10 thati when the stereo signals L% R' are ^plied as irpjt signals for a more complex surround 
sound reproduction, using, for example, a 2-to-5 decoder, tiie artt&cts will be more serious. 
The aftplication of the present invention will then be more important. 



^ rettery ^ iTK.;?:^ r-.xx^i«* 

c^.ocs-.ca^ .Lx.«o rn|g|^ ^-xr .-n- 7CI m« ^rn** 26.09.2002 11:04:34 

PHBE020029BPP . 

5 26.09.2002 

CLAIMS: 



10 



1. Metiiod for processiaig audio signals in which Scom left and right audio signals 
con^osed audio signals and are derived, the eneargy oonteit of the composed audio signals 
above a predetermined frequency value is measured, this «ieigy content is con^jared wiflx a 
predetermined threshold value, after which, when this energy content fells below said 
threshold valu^ a signal derived from and deooirelated with respect to the composed audio 
signal is added to the oonq>osed signal to obtain an improved composed audio signal, and left 
and right audio signals are obtained back again firom the composed signal and the inqjroved 
con^sed audio signaL 

2. Method accordiiJg to daiml,dKo:acterized in that the deoorreUrted signal is 
obtained by delaying and filtering the coiDposed signaL 



3. Audio processing system with first combination means to derive from left and 
right audio signals coniposed audio signals and. detection and compariog means to measure 

15 the energy content of ihe composed andio signals above apredeteradned frequency value and 
to compare fins energy content with a predaitermined threshold value, second combining 

means to derive^ vrfien this energy content fells below said threshold valuo..an improved 

composed andio signal ftom a signal obtained from and decorrelated with reject to the 
composed andio signal and the composed signal, and third combining means to obtain back 

20 again left and ri^ andio signals from the composed signal and the inomjved composed 

andio signaL 

4. Audio inocessdng system according to claim 3, cbataoterized in that the 
detection and comparing means comprise a high pass filter, energy measuring means to 

25 detect the energy content of the filtered composed audio signal, and a comparator to indicate 
^rfielhejr or not the measured energy content is sibove said predetermined threshold value. 



5. Audio processing system according to claim 4, oharaot^dzed in that Hie high 

pass filter has a cut-off fiequaocy of about 3 ]sHz, 
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6. Audio processing system according to anyone of the claims 3-5, characterized 

in that means are provided comprising a delay element and band pass filter means to derive 
said improved composed audio signal £bom the composed audio signal 



7. Audio processing means according to claim 6, charaoteorized m that the band 

pass filtw means are fonned by a high pass fflter wifli a ont-off frequency of about 1 kSfe and 
a low pass filt^ with a cut-off frequency of about 6 IcHz. 
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ABSTEIACT: 



Tn amefliDd for processing audio sigaals composed aiidio signals (L+R) and 
(L-R) are derived from left (L) and right (R) audio signals. The energy coxitent of the 
coixg)0$Bd (L-R) audio signals above a predetennined frequency value is measured and 
compared with a predetermined threshold value. Then, when this energy content fells below 
5 said threshold value, a signal derived from and decorrelated with respect to the composed 
(L+R) audio signal is added to the composed (L-R) signal to obtain an improved conq)osed 
(L-R) audio signal, and left (L) and right(R) aiidio signals are obtained back again from the 
composed (L+R) signal and the improved composed (L-R) audio signal. 
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